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Summary. — Human and rat IgG were labelled with peroxidase. Procedures were 
established using these conjugates and insoluble antibody immunoadsorbents for the 
quantitation of humoral IgG. The basic principles of these procedures are those already 
developed for quantitative radio-immunoassay, enzyme activity measurement substituting 
radioactivity counting. The procedures allowed the determination of 10-200 ngs of antigen. 
The values obtained in unknown samples using these cnzyme-immunoassays Avere in 
good agreement with those obtained using the quantitative single radial immunodiffusion 
technique. 
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INTRODUCTION. 

The use of enzyme-labelled antigens or antibo- 
dies for the light or electron microscopic locali- 
zation of cellular constituents has been reported 
[1]. According to this procedure, the enzyme- 
labelled protein is allowed to react with the cellu- 
lar antigen or antibody and then the sites of bound 
enzyme are revealed with appropriate cytoche- 
mical staining techniques. 

Because the quantity of an enzyme can be accu- 
rately determined by appropriate enzymological 
techniques, enzyme-labelled antibodies can also 
be used to quantitate celJtilar antigens [2]. 

Similarly, enzyme-labelled antigens can be used 
for the quantitation of humoral antigens [3, 4, 5, 6] . 
In this case, the basic principles of the method 
employed are those developed for quantitative 
radio-immunoassay. Thus, the method involves 
incubation of a determined quantity of enzyme- 
labelled antigen with increasing concentration of 
unlabelled one, in the presence of a given amount 
of antibody directed against this antigen. The 
extent of binding of the enzyme-labelled antigen 
in the presence of known varying amounts of 
unlabelled antigen allows the establishment of a 
reference curve from which imknown concentra- 
tions of the antigen in samples can be determined. 

In the present paper, we describe, in detail, the 
procedures and the conditions required to measure 
small quantities of humoral antigens with peroxi- 
dase-labelled antigens. The values obtained in 
unknown samples using the present enzyme-immu- 



noassay are in good agreement with those obtained 
using the quantitative single radial immuno-diffu- 
sion technique [7], 



MATERIALS AND METHODS. 

Preparation of human and rat IgG. 

Human IgG and rat IgG (IgG^, IgG^) were iso- 
lated according to published procedures from nor- 
mal pooled sera using ammonium sulfate preci- 
pation and diethylamino-ethyl cellulose chromato- 
graphy [8]. Immunoelectrophoresis of the prepa- 
rations using homologous anti-whole serum pro- 
tein antisera revealed of precipitation correspon- 
ding only to the IgG family. 

Preparation of antisera and isolation of antibodies. 

Rabbit anti-human and anti-rat IgG and sheep 
anti-rabbit IgG and anti-rat IgG sera were pre- 
pared following immunization schedules described 
elsewhere [S 9]. The antisera revealed only IgG 
when tested with the corresponding normal sera 
by Immunoelectrophoresis Antibodies were iso- 
lated by passage of the whole sera on immuno- 
adsorbents prepared by co-polymerization at pH 5 
of 4 parts bovine serum albumin and one part 
IgG [10]. 

Insolubilization of aiitisera and of isolated anti- 
bodies. 

Whole sheep or rabbit antisera were diluted to 
30 mg protein per ml with 0.2 M acetate buffer 
pH 5 and then polymerized with ethylchlorofor- 
miate [11]. 
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Amiiioniiini sulfate precipitated 7-globiilins from 
antiscra or specifically isolated antibodies were 
coupled to glutaraldehyde treated Bio-Gel P-300 
minus 400 mesh following procedures already des- 
cribed [12], 

The insoluble antibody derivatives were sus- 
pended in sterile physiological saline and stored 
at 4'*C until used. The antibody concentration in 
the suspension was 0.5 to 1 mg/ml. 

Assay of peroxidase activity. 

Peroxidase activity was measured by using HoOo 
as the substrate and o-dianisidine as the hydrogen 
donor [13]. The reagents were added to 0.6 ml of 
1 M phosphate buffer pH (> in the following order : 
0.6 ml of a 0.3 p. cent aqueous solution of HoOo ; 
58.8 ml of distilled water ; 0.5 ml of a 1 p. cent 
solution of o-dianisidine in methanol with conti- 
nuous stirring. 

To measure peroxidase activity, 0.1 ml of the 
enzyme solution containing 1 to 5 ngs of peroxi- 
dase were added to 2,9 ml of the substrate solution 
and the reaction mixture was allowed to incubate 
at room temperature (25''C). After 1 hour, the 
reaction was stopped with 1 drop of 5X HCl ^vith 
thorough mixing on a Vortex vibrator and the 
color development was read at 400 m^i. 

Dilution mediiim. 

All dilutions were made with a sterile solution 
of 0.1 M phosphate buffer pH 6.8 containing 1 p. 
cent bovine serum albumin. 

Labelling of hunwn and rat lyG nuth peroxidase. 

Peroxidase was ct)upled to IgG following a pro- 
cedure recently described [14]. Twenty mgs of 
peroxidase were dissolved in 0.3 ml 0.1 M phos- 
phate buffer pH 0.8 containing 1.25 per cent glu- 
taraldehyde (TAAB Lab. Reading, England). The 
solution was allowed to stand for 18 hrs at room 
temperature and was then filtered through a 
Sephadex G-25 column (70 X 0.9 cm) equilibrated 
with 0.15 M NaCl in order to remove excess of 
unreacted glutaraldehyde. The fractions contai- 
ning the activated peroxidase were pooled (final 
volume about 3 ml) ; 1 ml of 0.15 M XaCl con- 
taining 10 mg of TgG was added, followed by the 
addition of 0.2 ml of 1 M carbonate - bicarbonate 
buffer pH 9.5. After 24 hours at 4**^ the reaction 
mixture was dialysed at 4'*C overnight against 
0.15 NaCl, buffered at pH 7.4 and then stored at 
4**C for one week before subsequent use. When 
emoloying these preparations for the determina- 
tion of IgG, it is necessary to eliminate free pero- 



xidase as well as non-labelled IgG from the con- 
jugate. To do this, the reaction mixture was chro- 
matographed at 4°C on a Sephadex G-200 column 
(100 X 2.G cm) equilibrated with 0.15 M NaCl 
buffered to pH 7.4. The protein content of the 
fractions was read at 280 mji and that of peroxi- 
dase at 403 m\i. The first peak eluting from the 
column contained only IgG labelled with peroxi- 
dase [14], The fractions of the first peak were 
pooled and read at 280 and 403 mu to determine 
the peroxidase-labelled IgG concentration. Under 
the above described conditions, the concentrations 
varied between 0.080 and 0.100 mg/ml. 

After filtration through a sterile Millipore filter 
0.22 ^, glycerol was added to a final concentration 
of 30 p. cent and the solution was distributed in 
sterile aliquots of 0.2 ml and stored either at 4°C 
or at — 20'*C. Prior to use, 0.1 ml of the labelled 
IgG was diluted to give a peroxidase activity (0.1 
ml sample) corresponding to an optical density at 
400 m^i of 4.00 to 6.00. 

RESULTS AND DISCUSSION. 

Direct method for the determination of IgG. 

To measure rat IgG using insoluble anti-rat IgG 
antibody, one has first to establish the optimal 
amount of insoluble antibody to be used. This 
was done by adding increasing amounts of immu- 
noadsorbent suspension to a series of duplicate 
tubes to give a final concentration of insoluble 
antibody ranging from 0.050 to 500 ^g per mL The 
tubes were then centrifuged for 10 minutes at 
3.500 g and the supernatants discarded. 0.1 of 
peroxidase-labelled IgG (peroxidase activity cor- 
responding to an optical density of 4.0 to 6.0) was 
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Km. 1. — Direct method : Binding of peroxidase- 
labelled rat IgG (• •) and of peroxidase-labelled 

human IgG (▲ -A) bv increasing amounts of inso- 
luble rabbit anti-rat Ig serum. The insoluble anti- 
serum was prepared with ethylchloroformiate. 
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then added to the tubes and the total vohiiiie was 
made up to 1 ml. The tubes were stoppered and 
placed on a rotating plate incHned at about 60°. 
After 2 hours incubation with constant gentle rota- 
ting agitation at room temperature, the tubes w^ere 
centrifuged and peroxidase activity was determi- 
ned in 0.1 ml of the supernatant (fig. 1). From 
the curve in figure 1, the amount of insoluble anti- 
body binding 40 to 60 p. cent of the peroxidase- 
iabelled IgG was chosen. 

Serum dilutions 




it I I I 1 

10' 10' 10* 10* 

ngot IgG 

Fig. 2. — Direct method : Inhibition binding curves 
of peroxidase labelled rat IgG by standard quantities 

of rat IgG {• •) and by dilutions of normal rat 

serum (A — A). The same immunoadsorbent as in 
Fig. 1 was used. Mean values of two experiments. 



To measure IgG, 1 to 10^ ngs of unlabelled IgG 
in 0.1 ml of the dilution medium were added to a 
.series of duplicate tubes containing the previously 
determined amount of insoluble antibody (0,3 ml). 
The tubes wer« agitated for 2 hours at room tem- 
perature and then 0.1 ml of the peroxidase label- 
led IgG was added. The total volume was brought 
to 1 inl with diluting medium and incubation 
with rotating agitation was allowed to proceed for 
16 hours at 4''C. The tubes were then centrifuged 
and the peroxidase activity was determined in 
0.1 ml of the supernatants. 

The curves obtained with known and unknown 
quantities of unlabelled IgG are shown in figure 2 ; 
it is evident that with this procedure quantities 
ranging from 20 to 200 ngs of IgG can be measu- 
red. The procedure was established after a set of 
trials where the dose of labelled antigen, the 
incubation time and the temperature were varied. 
Optimal conditions were definied from the diffe- 
rent results obtained. 

Indirect method for the determination of IgG, 

According to this procedure, labelled and unla- 
belled antigen were first allowed to react with 
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soluble antiserum directed iij^ainst this antigen 
and the antigen-antibody complexes wa^re then 
precipitated with insoluble antibody directed 
against the immunoglobulins of the antiserum. 

The following refers to the measurement of rat 
IgG using rabbit antiserum anti-rat IgG and inso- 
luble sheep antiserum antirabbit IgG but the 
sanies holds true for the measurement of human 
IgG. 

A sufficiently sensitive assay can only be obtai- 
ned when the soluble antisera are used at 
dilutions higher than 1 : 100(1. Consequently, in 
the first step of the procedure, one has to esta- 
blish the amount of insoluble antibody required 
to precipitate all the peroxidase-labelled IgG fixed 
by the rabbit antibody present in the diluted anti- 
serum. This was done by adding 0.1 ml of pero- 
xidase-labelled IgG (peroxidase activity corres- 
ponding to an optical density of 4.0 to 6.0) and 
0.5 ml of rabbit antiserum anti-rat IgG diluted 
1.000 fold to a series of duplicate tubes and incu- 
bating them at room teniperatiu'e for 30 minutes. 



100 . 




too 300 300 400* 

jig of insoluble antibody 

Fig. 3, — Indirect method : Binding of (peroxidase- 
labelled rat IgG)/(rabbit anti-rat IgG antibody) im- 
mune complexes by varying amounts of sheep anti- 
rabbit IgG immunoadsorbent. The rabbit anti-rat IgG 
antiserum was used at 1 : 1,000 dilution. Purified sheep 
anti-rabbit IgG antibody was coupled to polyacrvl- 
amide beads and was employed as the immunoadsor- 
hent. 



Increasing amounts of sheep anti-rabbit IgG immu- 
noadsorbent were then added (final concentration 
of insoluble antibody from 0.050 to 0.5 mg/ml) 
and the final volume was brought to 1 ml. The 
tubes were then incubated, under rotating agita- 
tion, for 2 hours at room temperature, centrifuged 
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and finally the peroxidase activity was determined 
in 0.1 ml of the supernatant (fig. 3). Amounts of 
insoluble antibody corresponding to the plateau 
of the curve should be used. In this way, the 
amount of immunoadsorbent which should always 
be in excess and which precipitates all the label- 
led IgG fixed by the antibody can be determined. 
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Antiserum dilutions 

Fig 4. — Indirect method : Binding of peroxidase- 
labelled rat IgG by rabbit anti-rat IgG antibody as a 
function of the antiserum dilution employed. Ihe same 
reagents as in figure 3 were used. 



In the second step of the procedure, the optimal 
dilution of the rabbit anti-rat IgG antiserum has 
to be established. For this, a series of duplicate 
tubes containing 0.1 ml of peroxidase-labelled IgG 
and 0.5 ml of rabbit antiserum anti-rat IgG diluted 
from 1,000 to 50,000 times were incubated at room 



Serum dilutions 




temperature for 30 minutes ; then the optimal 
amount of insoluble anti-rabbit IgG antibody pre- 
viously determined was added and the final 
volume was brought to 1 ml. Incubation of this 
suspension, centrifugation and determination of 
enzymatic activity were then carried out as des- 
cribed above. A curve was plotted by using diffe- 
rent dilutions of antisera (fig. 4) and, from this 
curve, a dilution of antiserum sufficient to bind 
30 to 50 p. cent of the peroxidase labelled IgG 
was chosen. To measure IgG, 1 to 10^ ngs of unla- 
belled IgG in 0.1 ml of the diluting medium were 
added to a series of duplicate tubes containing 
0.5 ml of the previously determined dilution of the 
antiserum. The tubes were incubated at room tem- 
perature for 30 minutes, then 0.1 ml of the labelled 
IgG was added and the solutions were incubated 
at room temperature for an additional 30 minutes. 
After this time, the previously determined quantity 
of insoluble antibody was added and the suspen- 
sions were then incubated under totation for 2 



Km 5 — Indirect method : Inhibition binding curves 
of peroxidase labelled rat IgG by standard quantities of 
rat IgO •) and bv dilutions of normal rat serum 

The same reagents as in figure 3 were used. 

Mean values of two experiments. 



Serum dilutions 
to-* 




ng of IgG 

Fig 6 — Indirect method : Inhibition binding curves 
of peroxidase-labelled human IgG by standard quan- 

-tities of human IgG (• •), rat IgG (■ — ") and by 

dilutions of normal human serum (A" A). 



hours et room temperature. Subsequent centrifu- 
gation and determination of enzymatic activity 
were performed as before. 

Curves obtained with known and unknown 
quantities of rat IgG are shown in figure 5. It is 
evident that by this procedure, amounts ranging 
from 10 to 200 ngs of IgG can be quantitated. 
Similar results were obtained when the proce- 
dure was employed for the measurement of human 
l^G (fig. 6). As for the direct method, the present 
procedure was estabUshed after a set of trials 
where the quantity of labelled antigen, time and 
temperature of incubation were varied. 
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I GENERAL CONSIDERATIONS. 

r 

I In the above experiments, all dilutions were 
I made with sterile solutions of 0.1 M phosphate 
% buffer pH 6.8 containing 1 p. cent bovine serum 
Ij albumin. The presence of bovine serum albumin 
ft at all stages was necessary to avoid an eventual 
I non specific adsorption of labelled antigen by 
i immunoadsorbents and to stabilize the catalytic 
|\ activity of peroxidase. However, care should be 
f . paid to the albumin employed. Indeed with one 
I lot of albumin, a 50 p. cent decrease of peroxidase 

activity was observed, perhaps indicating that 
1 some albumin preparations contain peroxidase 

inhibitor(s). In this connection, it is to be stressed 
I that inhibitors of microbial growth such as sodium 
|^ azide or merthiolate should not be used for the 
|v preservation of reagents employed in these pro- 

cedures because these substances are also effec- 
|;; five inhibitors of peroxidase. Peroxidase labelled 
|r antigen and insoluble antibody when kept at 
^ + 4'*C under sterile conditions can be used for 

(months without any appreciable loss of biological 
activity. 
From these results, it appears that ethylchloro- 
|f formiate antibody immunoadsorbents and acryla- 
|: mide bead antibody immunoadsorbents were 
I; equally effective in the determination of antigens. 
|i Non specific adsorption of heterologous labelled 
|; antigen by these immunoadsorbents could not be 
|r detected (see also figure 2). The only exception was 
1^ with sheep antisera insolubilized with ethyl-chlo- 
I roformiate, where a substantial non specific 
I adsorption was observed. For this reason use of 
^ sheep antiserum insolubilized with ethylchloro- 
formiate has to be avoided. 

I-- 

iBoth direct and indirect methods were found 
. to be highly reproducible. A series of experiments 
using different lots of peroxidase labelled antigen 
and insoluble antibody were repeated in a period 
of 10 months and each time almost identical 
results were obtained. The procedures can be 
used to determine amounts of IgG ranging from 10 
to 200 ngs. As in quantitative radio-immunoassay 
the sensitivity of the procedures can be increased 
by choosing a dilution of antibody that binds less 
than 50 p. cent of the labelled antigen. However, 
• in this case the slope of the surve decreases and 
consequently, the measurement of the antigen is 
determined less precisely. Heterologous antigens 
' were not found to inhibit significantly the binding 
of peroxidase labelled IgG with its homologous 
antibody (see figure 6), indicating the high specifi- 
city of the procedures employed. 

|. niOCHlMlE, 1972, 54, n" 7. 



antigen deierminaiion. 841 

Unknown samples of IgG present in normal 
human or rat sera were analysed by the present 
immunoassay procedures and by quantitative 
single radial immunodiffusion techniques [7]. In 
all cases, good agreement between the values 
obtained by the two techniques was noted. Thus 
for example, three different measurements of rat 
IgG performed in the same serum by the indirect 
enzyme immunoassay gave a mean value of 15 mg 
of IgG per ml and by radial immunodiffusion, 
12.9 mg/ml. The same experiments gave for nor- 
mal human serum a value of 12 mg of IgG per ml 
both with the enzyme immunoassay and the radial 
immunodiffusion. 

The indirect method seems to possess certain 
advantages when compared to the direct one : 
Four hours are sufficient to complete the experi- 
ments when the indirect method is employed 
while 24 hours are needed with the direct one. 
Better duplicate measurements are obtained with 
the indirect method because it employs soluble 
antibody which can be accurately determined in 
the competition experiments. The direct method 
requires insoluble antibody which cannot always 
be determined accurately. Thus low quantities of 
antigen can be more precisely determined with 
the indirect method. 

The enzyme-immunoassay procedures as deve- 
loped here for the measurement of IgG are as 
sensitive as the quantitative radio-immunoassay 
which also uses insoluble antibody [15]. However, 
peroxidase labelled antigen can be used for at 
least 6 months while antigen labelled with radio- 
active iodine can not be used for long periods of 
time and should measured and readjusted each 
time. Non specific adsorption of peroxidase-label- 
led antigen is almost non existant while high non 
specific absorption is often reported with radio- 
immunoassay techniques. Consequently, the inter- 
pretation of the results might be more objective 
when enzyme immunoassay rather than quantita- 
tive radio-immunoassay is used. 

Les IgG humaines et de rat ont 616 marquees avec la 
peroxydase. Les techniques decrites utilisent ces conju- 
gu6s et des antlcorps insolubilis^s pour le dosage des 
IgG humorales. Les principes de base de ces techniques 
sont ceux d6j& d6velopp6s pour la radioimmunologie 
quantitative, la mesure de Tactivit^ enzymatique rem- 
pla9ant le comptage de la radioactivite. Avec ces tech- 
niques, nous avons pu mesurer des quantit^s de Tordre 
de 10 k 200 ng dans des 6chantilIons de s6rum dont 
la quantity en IgG 6tait inconnue. Ces valeurs sont en 
accord avec celles obtenues par la technique d'immuno- 
diffusion quantitative radlale. 
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